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We describe a comprehensive analysis of the effect of aviclitv of TCR-MHC/peptide interaction on activation of the 
alloreactive 2C CTL clone, which recognizes H-2L° plus an octamer peptide fp2Ca). In this studv. monosubstituted 
variants ot p2Ca were used and assessed for binding to purified H-2L d , binding ot H-2L d /peptide complexes to 
sTCR. and ability to activate 2C cells to two independent effector functions. Among the >20 variants analyzed 
runctionai activity of most peptides that bound the MHC well correlated with the strength of interaction or .MHC/ 
peptide complexes with sTCR. However, with some variants, a clear discordance between the apparent TCR- 
MHC/peptide attinity and biologic function was observed, demonstrating that the former cannot always be gauged 
by the latter. In the case of L4 peptide (phenylalanine at position 4 substituted with leucine), peptide'MHC 
complexes showed no detectable binding to sTCR, indicating a 10-fold or greater decrease in attinity Neverthe- 
less, this peptide sensitized target cells for lysis at a level equivalent to the parental peptide. A clearer under- 
standing was revealed by studying the extent to which activation by variant peptides was dependent on CD8 Our 
data indicate that resistance to anti-CD8 mAb blocking correlates with strong binding attinity between sTCR and 
MHC/peptide complexes. These data suggest that, for the activation of CTL function, the absolute level of intrinsic 
atrmity or TCR tor MHC/peptide ligand is not a single critical determinant, but rather, that activation is governed 
by the compound influence of several factors, which ensures a minimum threshold of intracellular triggering is 
reached to elicit the response. The Journal of Immunology, 1995, 155: 662-673. 



The activation of CD8~ CTL typically involves the 
recognition by their Ag-specific TCR-a/3 of pep- 
tidic fragments presented in the context of MHC 
class I molecules (1). The recent advances made in the 
resolution of the structure of MHC class I proteins by 
x-ray crystallography (2-4), coupled with the ability to 
directly eiute and sequence MHC-bound peptides (5-7). 
have provided an increasingly detailed view of the char- 
acteristics of MHC/peptide interaction at the molecular 
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level. MHC class I-associated peptides are generally 8 to 
10 amino acids in length and they bind in an extended 
conformation to a groove formed by the al and a2 do- 
mains of class I molecules. Since TCR-MHC/peptide in- 
teraction is central both to the development of the T cell 
repertoire and to Ag-specific activation of mature T lym- 
phocytes, it has been of considerable interest to devise 
strategies to determine the characteristics of the interaction 
between TCR and the MHC/peptide complex. Several lab- 
oratories, including our own, have reported quantitative 
estimates of the strength of TCR-MHC/peptide interac- 
tions (8-12). Distinct from other reported studies, our 
strategy is based on the use of an engineered purified form 
of a well-characterized, class I-restricted TCR, derived 
from the alloreactive 2C CTL clone, which recognizes an 
octamer self-peptide, known as p2Ca (LSPFPFDL). in as- 
sociation with H-2L J (13. 14). Using a surface plasmon 
resonance detection system, we have recently demon- 
strated that this interaction is of moderate attinity, with a 
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of - II) • M. and is characterized hv moderate asso- 
nation and rapid dissociation kinetics (12) 

It is generally accepted that the CD* co-receptor plavs 
an ,mponant role in CTL maturation and function (IS, 
Mature T cells express CD8 in the form of a disulfide-" 
Imked a/3 heterodimer that binds to a nonpolvmorphic re- 
gion in the Q 3 domain of MHC class I molecules (16 17, 
thereby increasing the overall aviditv of TCR-.V1HC pep 
tide interaction. In the case of the 2C TCR. however two 
recent observat.ons suggest that the requirement for CD8 
is not absolute. In 2C TCR transgenic mice, thvmocvtes 
bearing the 2C TCR have been shown to be positive.v 
selected on H-2K and pegativelv selected on H-^L J class 
I molecules (18. 19). Using 2C TCR transgenic mice 
•crossed with CD8a-deficien, mice, i, was demonstrated 
thai H-_L -med.ated negative selection of ^C cells does 
no. require CDS expression (20). In the same studv neg- 
ative select.on of two other class T-restricted TCR was 
shown to be (^-dependent (20). Furthermore, in another 
study. bothCDS- and CDS' 2C TCR' transgenic T cells 
were shown t0 respond to H-2L d -expressin e targets 
equally well (21). These results have been interpreted" to 
mean that the 2C TCR has a relatively high affinitv for its 
H- L peptide l.gand. an interpretation that has now been 
confirmed by direct measurement of TCR affinity (11 P) 
In contrast with those studies that utilized 2C TCR trans 
genie mice, earlier experiments demonstrated that for the 
mature 2C CTL clone, recognition of H-2L d -bearin 2 target 
cells was inhibited by anti-CD8 mAb (22) 

rr-o ^o?" 10 fU " y understand ^ characteristics of 2C 
1LK-.VIHC. peptide recognition at the molecular level and 
taking advantage of the availability of 2C sTCR we un 
dertook a detailed analysis of this interaction usin° 'syn- 
thetic peptides containing single amino acid substitutions 
at each position of the p2Ca peptide moietv. The panel of 
peptides was analyzed for binding to soluble H-">L d (sH 
2L V. the binding of MHC/peptide complexes to purified 
-C TCR. the ability to sensitize for cvtolvsis as well as 
ILo product.on by the 2C CTL clone, and the dependence 
ot peptide-specific lysis on CDS. Surprisingly, our results in- 
dicate a discordance between the ability of some variant pep- 
tides, which form complexes, to bind the TCR and to stim- 
ulate the T cell. Furthermore, the data provide a direct 
demonstration that, for a given interaction. CDX-dependencv 
is a function of two parameters: the intrinsic atfinitv of TCR 
to its MHC/peptide ligand and ligand density. In addition the 
paradoxical behavior of several peptide variants suggests'tha. 
molecular events besides TCR binding of the MHC/peptide 
complex are required for T cell activation. 

Materials and Methods 

Cell lines and mAbs 

DrtLb.b ( H-_ ) mouse injected w ith H-*" 1 cells C^i v\..ii. 
: n ocu, mer se, peptide, desisted #cZ^^t£%Z 
enzvmc -oNoglularalc dehydrogenase, in .he context „f H-lf ( l" 



X .elK Acre £nmn in modified Dulhecco\ \|F\| ,| .„. T --h . 
Inc Grand Island. NY, >upp,emen,ed * ilh I M rn \| H EPES J ^M 
•-.lu.amine. I m.M nonessen.tal amino acids. UK, L Ll p' nStl, 
^ml -treptormcin. 10 M \J -..VIE and iw. h . L "" n - i "" 

i*™?- ?' ME. cells in the pr^T^ 

, ' L - f CU " UrC ^P"™"" obtained from .he constitution". 

Z/r c l , I e " ' SeC, " ,n »nmmun«,bi„lo«v. Vale Umemn 

hed Dulbecco s MEM supplemented »i.h 5«", FCS The IL - GM <~sV 
epen en, cel, line FDC.PI ,27. : S| . kindly . " 

FC and'tLT'on,; 35 mam , ,a,ned ^ ° ick ' S EHA * ««««"" - E 
PCS nd IL-. . ontaming culture supernatant. The mAhs used u« e ••!,- 

Hybndoma cell l.nes secret.ng the above mAbs were obtain d ± 
Amencan Type Culture Collection. Roc^ille. MD. 

Peptides 

All peptides used in this studv (see Table 1 1 were svnthesi^rl ,„,) •« . 
atory of Molecular Structure. National Institute of Allerov^nd ln.ee 

;Se^^ ethesda - MD '- Pep,ides - ^ » 



Soluble H-2L d protein 



iH^ c7 Pr K^ Ced transfected L cell lines and immunoaffini.v pu - 

domain of^'^ PreV ', 0US ! y ? 2 - 3il SH - 2L " COnsists '> f "« «' andu^ 
domains ot H-2L J covalently linked to the a3 domain and carbon I "r 

minus o, the class [-like molecule Q,o". noncovalentlv assembled »■ th 
!he light chain, ^-microglobulin. " n 



Epitope induction assay 



™'of ihl'"^ 7 . reC ° gniZeS 3 P e P' ide - d ---Pc-nden, conformational 
epitope ot the a2 domain ot maturely folded (^4) Binding „f 

' S BIAcpre (Pharmac.a Biosensor. Piscatawav \J) as nrevi 
ously described (7). Briefly, purified sH-2L" was incubated w h diffe ,- m 
concentrations of P 2Ca or variant pep.ides for I , 0 : h at ro m . mpe 
a ure to ach,eve equi.ibrium. The complexes were then ana.v^d .Wd - 

ni s t'Sl 'd J "- 5 - 7S mAb - The Urease in resonance 

anus (RU .» directly proportional to .he mass of sH.2L J peptide com- 
plexes associated with the mAb. To derive quan.i.ative estimates or he 
^en, th o, binding, these data were curvetted to the four p^ 1 . 

Mgmoidal expression. K 1 

v = {(a -(])/< I - |xc|")} - d. 

-here a is ,hc minimal RU: h is the s|„pc lactor: c is ,he xaluc of v ,„h 
Mr.max.mal h.nd.ng; and d is ,he maximal RU. wi.h .he use of KaJi 
dauraph (Synergy Software. Reading. PA). ' 



TCR binding t iss<iy 

:C sTCR was produced in translated thvmoma cell line BWSU7 , s 
prev.ously described (12.14). Purified X TCR was coupled to ,he Phar- 
macia BlAcore dextran-modiHed surface hv amine chemistrv , J . 
-.bed „:,. Punhcd sH-21/ molecules ( I M M: unless otherwise ,nl 
,akd) exposed io an excess of the indicated peptides (2*0 uM| were 
■mix-red at a How rale of 5 /il/min for X min each 

The surti.ee was regenerated with H3ST(I() mM HEPES. \>n ,uM 
v4 mM EDTA. and iwy; Tween 2(1). p2Ca and P MCMV , V |>|| 

' AHKrualuins uv.l in this p.^r: C.M-CSF. .nr.nu.l. n vT t M,,.,c r..ph., w , nf, , m 

^Hi..nn K iiii Uir; SPK. s U r,u e } * Amm n. ( „u ; k'U. n.nnJr 

t""«lin K <Ioh' r«, u .r„l mr -,<)••;. ,„ nuxmul hind.n^; -,„■•;. .„■„,,„„„, ()(lM ; 
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h he frr h 1 , , ndS ;! 1 r0n S l > 10 - H --L-- •»". .he complex is no, ™L 
r-> .he .C TCR (l.|. All pcpiides were diluted in douhle-disiilled H 0 
,-vecp, tor Al Dl. and Yl. which were v,l u bili«d :n ,he pre'fnce ,, 

'vn ^ H indi 1 ? 10 lMIer Pep "' deS was M ^ 

.xp.r men.s ,n which they, logelher wi, h .he control pXa and pMCMV 

pcp.des. were diluted similarly in acetic acid. All measurement were 

cxoressM ,„ R L and performed at :5=C. The percentage binding for each 

^H-.L peptide complex to immobilized X TCR was expressed js 

:RL'ivH-:L ■peptide i - RLlsH-JX'-pMCMV)) 



L Kl hi ;je»lir/e«. user) m ;his 



RLisH-:L J .p2Cai - RL(sH-:L J -pMCMV,} 



11)0. 

In r .me cases binding curves were obtained with a laree excess „f the 
. -naica.ed peptides o.)0 M M,. and a titration of sH-2L<. Maximal binding 
a> ; orrec,ed tor the retractive index change due to the sH-2L' pro, in 
Mselt. ^ d plotted as a tunction of sHOU concentration. These data we 
nt .o ,he tour-parameter Mgmoidal expression described above. 

Cytotoxicity assay 

■ Targe. I>sisb> X cells was determined usins the JAM test an assav .ha. 
measures CTL activity as a function of the degree of D N A de 8 r a d a lion 
in the target cells rather ihan membrane in.eeri.v ,35,. Briefly * o" 
target eel k were labeled w.th 5 M Ci of [ ? H]TdR for 3 to 4 h was ed and 
plated a. l.r cells well (in 50- M l volume) in round-bottom %-we, p.a.es 
containing ;0 M l of PBS or test peptides diluted in PBS P 
Atter j>0 mm incubaiion at 37 S C X CTL fir "1 ✓ ir>< m i* * 
,1 of complete Dulbecco's J^T* 
The as ay plates were maintained in a 37'C incubator with 5% CO. for 
- to 4 h. utter which they were harvested and counted on a beta counter 
Percent specific lysis was calculated as: 

100 {spontaneous DNA retention (cpm) - 

experimental DNA retention (cpm)}. 

{spontaneous DNA retention (cpm)}: 

W^n^™' 0115 and "P 6 "™™" retentions reflect the [ l H]TdR-la- 
beled DNA in targets incubated without or with CTL: respe tivdv Spe- 
cific lvs,s .n the absence of added pepudes. .ypicallv <5%.Z routineTv 
sub.ra C , ed . ln cxpenmems |0 w , the effecl H f - ■ CD8 rn^b 

an.,-CDS mAb (,n M M |, and 2C CTL (50 M l of 6 x 10>/ml cell sus 
pension, were , hen added simultaneously to the assav well Th ssav " 

in h , s ^ mCUba ' ed and pr0CeSSed as d «"ibed above Percem 
inhibition ot lysis was determined as: rercent 

100 x {(A - B)/(A)} 
where A is the percent specific lysis in the absence of anti-CD8 mAb and 
B « the percent lysis in i.s presence. Conversely, this data can be ex 

IL-J assay 

^l^'m." 13 !?; Ce " S * "< irradia,ed < 20 000 washed three times 
-nd I .< 10 cells ,n j0 M l were added to wells of a %-well round 
ho torn pb,e containing 50 M | of titrated concentrations of .7e es, " J' 
tide.Follow,nga30-mm incubation at 37°C. I x 10' -Ccells fiJ u r i i 

mir:f if Af,er a :4 - h incuba,ion ,he piate *» 

HID Ml ot supernatant was removed and subjected i„L r J r 
Irceze-.haw. The indicator cell line FDC P Iw^t washed Thnro^M 5 ■ * 
PBS. resuspended in Click s EHAA - |(K FC S medfum ,? S " 
■ration of : x cells/ml. and added i \ZJ volume to nl^™"' 
«™.ng the tes, superha.an.s. Following a 48-h n Son a ftrc T 
wells were pulsed wi.h 1 M Ci of ( .. H |TdR for a fu ,heM6 ,„' "f'* 
harvested and coun.ed. I. is important .o note .ha. the FDC PI ceil line 
P -l-.era.es ,o bo.h IL-3 and GM-CSF,2S). and a.loreac.fve'f D.S ' CTL 
have been shown 10 secrete bo.h Ivmphokines (V» <;;„-■. 
UMhis study, we did no. a.tempt'.o 
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Results 

To study the contribution of each peptide residue to H-U d 
binding and CTL recognition, we tested alanine (A = sin- 
gle letter amino acid code)-monosubstituted mutant pep- 
tides of P 2Ca (for a list of peptides, refer to Table I) for 
their capacity to both bind sH-2L d and sensitize H-U d - 
express.ng target cells for lysis by 2C cells. Binding of the 
various peptides to sH-2L d was determined bv their ca- 
pacity to induce a conformational epitope in H-2L d detect- 
able by the conformation-specific mAb 30-5-7s using 
real time SPR. As shown in Figure 1. with the exception of 
and A8 < al1 ot her variant peptides bound H-?L d 
strongly. To obtain quantitative estimates for the streneth 
of binding, the data were curve fitted, as described in Ma- 
tenuis and Methods, and the dose required for half-max- 
imal binding (BD 50 = binding dose required for 50% of 
maximal binding) was derived (shown in parentheses in 
Hg- 1). (Similar results with the same rank order of BD 
were obtained in a second independent assav in which 
these p e p„de S were used to inhibit the direct'binding of 
SH-2L to .mmobilized peptide (32) (data not shown) ) 
Based on this analysis, it is clear that peptides A5 and A4 
exhibited the strongest binding, with BD 50 values ~4 to ' 
16 times lower than p2Ca. Peptides. A 1 and A3 bound 
sH-_L almost .dentical to p2Ca. and A2 and A7 peptides 
were slightly less effective than p2Ca. The weakest bind- 
ing to sH-2L d was exhibited by A6 and A8 peptides re- 
quiring ^6 to 20-fold higher concentration of peptide' for 
half-maximal binding as compared with p2Ca - 

We then analyzed the ability of these mulant'peptides to 
be recognized by 2C celjs in a direct lysis assay (Fig. 2). 
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FIGURE 1. Binding of p2Ca or A-substituted variant pep- 
tides to sH-2L d as assessed bv an epitope-induction assay 
was e *P° sed » Shaded concentrations of the indi- 
cated peptides and then passed over a biosensor surface cou- 

tthl I T h 3 °r 5_7S 35 deSCribed in *«* 
Methods. Binding values are reported as RU. which were 

fitted to the^tour parameter equation described in Materials 

and Methods. For each peptide, the concentration (in u,vi> 

giv.ng halt-maximal binding is indicated in parentheses. 

As targets, we used a human lymphoblast cell line trans- 
acted with mouse H-2L d (ClR/L"). We have previously 
determined that at low E:T ratios, this line is not lysed bv 
~ " lls the absence of a dded peptide (data not shown) 
thus providing a convenient way of assessing peptide-spe- 
cfic lysis. The results of the CTL-sensitization assay dem- 
onstrate several points. First, at an E:T ratio of 31 the 
p2Ca peptide sensitizes targets for 50% lysis (AD, = 
activation dose) at a peptide concentration of ~3~nM 
Smcejhe affinity of the peptide for sH-2L d , as estimated 
both by epitope induction and competitive assays is -0 1 
to I X 10 M (data not shown), this would suggest that 
as little as 0.03 to 0.3% of the MHC class I molecules need 
to be occupied for sensitization. Second, peptide A2 sen- 
sitized indistinguishably from p2Ca peptide, and peptides 
A and A3 were slightly less eMective, all with 50% lysis 
falling ,n the 3- to 10-nM range. Third, as would be 'ex- 
pected, peptides A6 and A8, which are weak H-U d -bind 
ers^ were also recognized less efficiently by 2C cells with 
AD 5( , m the 200- to 300-nM range. Finally, although A4 
and A3 peptides bound sH-2L d strongly, they were the 
weakest ,n sensitizing the targets for lysis by 2C cells, with 
AD,,, of >M)00 nM and 1000 nM, respectively. Similarly 
a significantly weaker sensitization capacity was observed 
with the A7 mutant peptide (AD 5II -70 nM) 
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FIGURE 2. Lysis of CI R/L" targets by 2C CTL in the pres- 
ence or various concentrations of p2Ca or A-substituted var:- 
ant peptides at E:T ratio of 3:1. All cultures were set up in 
triplicate. The peptide doses (in micromolar quantities) yield- 
ing hal.-maximal lysis (AD 50 values! are shown in parenthe- 
ses. Background lysis, in the absence of added peptides. 



Recognizing that CTL lysis represents a highly sensitive 
assay for examining the functional activities of peptides 
we analyzed the properties of the variant peptides usino a 
second independent biologic assav. namely, the abilitv'to 
induce the secretion of IL-3 by 2C cells. It was found 'that 
the pattern of responses observed in the Ivsis assav was 
essentially similar to that in the IL-3 secretion assay (data 
not shown; refer to Table II for summary). Taken together 
the data demonstrate that A substitution at position 1 or 
has little or no effect. on the recognition as assessed bv 
either of the two functional assays, while A substitution at 
each of the other positions significantly impairs recogni- 
tion. In the case of A6 and A8 peptides, the decreased 
activity is probably due to their significantly weaker bind- 
ing to sH-2L d ; thus, for p2Ca, it appears that positions 6 
and 8 are important for peptide binding to H-2L d and that 
positions 3, 4, 5, and 7 are critical for T cell recognition 
We next sought to correlate the functional data with the 
direct binding of sTCR to sH-2L d /peptide complexes sH- 
was '"cubated with the various peptides and then 
passed over immobilized 2C sTCR on the biosensor sur- 
face. Surprisingly, of the eight alanine-mutant peptides 
only Al and A2 formed complexes with sH-2L d that were 
detectably bound by the TCR (Fig. 3). Remarkably pep- 
tide A3, which binds sH-2L d strongly and_sensitizes well 
tot cytolysis, failed to form complexes capable of detect- 
ably binding the TCR in this assay. The degree of binding 
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' Peptide* are grouped based on the susceptibility or pepude-mduced CTL 
response ;o inhibition b\ anti-CD8 mAb. 

"■BD-„: 3" = <1 to 5 ^M: 2* - > 5 to JO fiM: I * = >20 M M. 
AD-, (1 : r - 1 to 20 nM: 2 ' = >20 to 400 nM: I ' = >400 to 4000 nM 
= >4000 nM. 

■' Percent or :>2Ca response: 3* = >80°,.; 2~ = >40 to SO 0 ;. 1 " = >}Q 
■o -0" .; - - = <!0%. 

" Percent blocking sat a peptide dose ot 5 2 ~ - ^"0%: I * = >20 to 

-(r,.: = <J0%: NA = not applicable due to nearly background le\els ot 

K*i* in absence ot mAb. 

'8indini> to >TCR 'as a percentage of decree ot binding observed v%ith 
pJCa-: 2* = .-jO'"..; 1 ' = >20 to 50%; -'- = 1 to 20%; - - <i"„. 
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observed with both the Al and A2 peptide/sH 
plexes (27^ and 35%, respectively) was significantly 
weaker when compared with the level of binding observed 
with complexes formed with p2Ca. These results highlight 
the extreme sensitivity of the cytolytic response of CD8" 
T cells in being able to lyse targets with an apparently 
comparable efficiency in the face of varying intrinsic TCR 
affinities. Additionally, the finding that the A3 peptide is a 
strong agonist in the lysis assay although the complex is not 
detectably bound by the TCR under these conditions dem- 
onstrates an apparent lack of direct correlation between TCR 
affinity and the induction of cytolytic response. 

To study the extent of this discordance, we examined 
additional variant peptides with single amino acid substi- 
tutions at position 1 and at two key TCR-contact sites, 
positions 4 and 7 (see Table I for a list of the peptides). 
These variant peptides were tested for their ability to bind 
sH-2L J . sensitize target cells for lysis, and induce secre- 
tion of IL-3 by 2C cells. The results obtained with position 
1-substituted peptides are shown in Figure 4. In the 
epitope-induction assay, VI, Yl. and II peptides bound 
sH-2L d at levels better than, or equal to, p2Ca (Fig. 4/4). 
However, two peptides (Dl and Kl), while still showing 
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FIGURE 3. Binding of sH-2L , '/peptide complexes to immo- 
bilized 2C TCR. sH-2L d equilibrated with a large molar ex- 
cess or" p2Ca. pMC.MV, or the indicated variant peptides was 
passed over a biosensor surface coupled to purified 2C TCR, 
as described in .Ma terials and Methods. Plateau levels of 
binding of different peptide/sH-2L" complexes were ex- 
pressed as percent of binding of p2Ca/sH-2L cl to the immo- 
bilized 2C TCR. 



strong binding, were two to three times weake- in com- 
parison with p2Ca. A similar trend of activity was ob- 
served when these peptides were tested in CTL lysis assay. 
Thus, when the wild-type residue, L at position i of p2Ca 
peptide was substituted with other hydrophobic residues 
(V or I), or with the aromatic Y, the variant peptide sen- 
sitized for lysis at equivalent or even lower concentrations 
(Fig. 45). However, significant differences in the dose re- 
quired for half-maximal sensitization were noted for the 
two variant peptides, Kl and Dl, which required approx- 
imately 10-fold and 100-fold more peptide, respectively, 
for equivalent sensitization (Fig. 4B). Qualitatively similar 
results were obtained when the variant peptides were used 
to elicit IL-3 production from 2C cells (Table Ii). Thus, the 
introduction of a charged basic (Kl) or acidic (Dl) residue 
at position 1 of p2Ca appears to decrease the efficiency of 
binding to sH-2L d and, consequently, results in weaker 
activities in functional assays. These data suggest that the 
primary influence of the N-terminal residue of p2Ca is on 
stabilizing the binding to H-2L d molecules; however, the 
apparent discrepancy in the behavior of peptide Dl should 
be noted, namely that although its binding to H-2L d is 
decreased by 3- to 10-fold compared with p2Ca, it sensi- 
tizes for cytolysis 100-fold less efficiently. 

Analysis of position 4 variant peptides gave a com- 
pletely different picture (Fig. 5). In addition to A4. three 
more variant peptides (C4, L4, and Y4) were tested. All of 
these variant peptides bound sH-2L d stronger than p2Ca 
(Fig. 5/1), but they exhibited clear differences in function. 
The activities of Y4 and L4 peptides were very compara- 
ble to p2Ca in both lysis (Fig. 5B) and IL-3 (Table II) 
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FIGURE 4. Binding and recognition or 
position 1 variant peptides or p2Ca. A. pep- 
tide ninding to sH-2L" was assessed hv an 
epitooe induction assay as described in the 
leuend to Figure I and Materials and Meth- 
ods. The amino acid residue at position 1 of 
p2Ca peptide is shown in parentheses. B, 
target sensitization tor 2C cvtoivtic acticitv; 
E:T ratio = 3:1 . Background Ivsis. in the ab- 
sence or added peptides, was 1.2 n V The 
AD- ( , \aiues 'in micromolar quantities) are 
shown in parentheses. 
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FIGURE 5. Binding and recognition or' 
position 4 variant peptides of p2Ca. A. pep- 
tide binding to sH-2L d was assessed bv an 
epitope induction assay as described in the 
legend to Figure 1 and Materials and Meth- 
ods. The amino acid residue at position 4 of 
p2Ca peptide is shown in parentheses. B. 
target sensitization for 2C cvtoivtic acticitv; 
E:T ratio = 3:1 . Background lysis was 3.3V 
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assays. Like the A4 peptide, however. C4 was almost com- 
pletely inactive in both assays; thus, substituting the wild- 
type residue. F. with amino acids representing conser- 
vative substitutions (Y) or carrying an equally bulky 
nonpolar side chain (L) are recognized very efficiently by 
2C TCR. On the other hand, substituting with either A or 
C led to a total ablation of function. These results confirm 
that position 4 is a dominant TCR-contact site. 

The results obtained with position 7 mutant peptides 
ind.cate that although the major role of this residue is in 
TCR recognition it is clear that it also has a secondary 
effect on the efficiency of binding to H-2L d (Fig. 6). Of the 
five position 7 variant peptides tested (N7. A7. T7, E7 and 
K7), only N7 bound sH-2L d at a level comparable to p2Ca 
(Fig- Ml The remaining variants bound sH-^L 0 with 
BD 5(I doses -2-, 6-, 10-, and 33-fold higher than p^Ca 
respectively. A different pattern of reactivities was ob- 
served when these peptides were tested in the lysis assay 
As shown in Figure 65, relative to p2Ca peptide, the AD, n 
doses tor the above variants were 20-, 23-, > 15(H). 4. 
and > 1500-fold higher, respectively. As previously ob- 



served, the effect of the various substitutions on functional 
activity, although qualitatively similar, was more drastic in 
the IL-3 secretion assay (Table II). These results indicate 
that the pattern of functional activities of the various pep- 
tides did not always correlate with their H-2L d -bindins 
efficiencies. Thus, despite significantly decreased binding! 
the E7 peptide showed the strongest activity. Similarly. N7 
bound sH-2L J better than p2Ca. however* it was a much 
weaker agonist in biologic assays. In contrast, the two 
functionally weakest peptides, K7 and T7. were also the 
least efficient H-2L d binders, suggesting that, at least for 
these two variants, decreased binding to sH-2L u may be 
partially responsible for their reduced biologic activities. 
Therefore, despite having their major influence on TCR 
recognition, some position 7 substitutions can also affect 
peptide binding to sH-2L J . 

Having analyzed the functional properties of position 1. 
4, and 7 variant peptides, wc next examined the bindinu of 
their MHC/peptidc complexes to sTCR a* a means ofas- 
certaining the relative binding affinities. As shown in Fig- 
ure 7 and Table II, all of position 1 variant peptides formed 
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FIGURE 6. Binding and recognition or 
position 7 variant peptides of p2Ca. A. Pep- 
tide binding to ?H-2L !l was assessed by an 
epitope induction assay as described in the 
legend to Figure 1 and Materials and Meth- 
ods. The amino acid residue at position 7 of 
p2Ca peptide is shown in parentheses. B. 
target sensitization r'or 2C cvtoKtic acticitv; 
E:T ratio = 3:1 . Background Ksis was 5.6%. 
The AD-, ; values in micromolar quantities) 
are shown in parentheses. \'ote that r'or 
p2Ca. the value given is from Figure 2, and 
for E7 peptide, the value was derived from 
an indeDendent experiment in which lower 
peptide concentrations were used (data not 
shown*. 
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complexes that were bound bv the 2C sTCR. but to varv- 
ing degrees. Representative binding profiles for p2Ca, VI. 
II. Al. and Kl as compared with the negative control 
pMCMV peptide are shown in Figure 74, and a summarv 
of these data drawn from titrations are in Figure IB. Pep- 
tides VI. II. and Yl exhibited the strongest binding (52 to 
HO^c of p2Ca binding), Al and Dl were intermediate (23 
to 327c of p2Ca binding), and Kl was the weakest (12 to 
31% of p2Ca binding). In Figure 7, A and 5, the p2Ca and 
variant VI peptides have almost superimposable senso- 
grams. Of the position 4 variant peptides, only Y4 was 
detectably bound by the TCR and the level of binding 
approached that seen with p2Ca (Fig. 7. C and D). As for 
position 7 analogue peptides, only E7 bound detectablv to 
the TCR. but the degree of binding was very weak (12 to 
14% of p2Ca binding; Fig. IE). 

In an effort to evaluate more carefully the relative af- 
finity of the complexes formed with p2Ca, Y4, Al, K7. 
and L4. kinetic binding curves of the complexes for the 
immobilized 2C TCR were gathered for each of these over 
a range of sH-2L d concentrations (Fig. ID). The equilib- 
rium levels of binding were corrected for background re- 
fractive index changes and plotted as a function of con- 
centration (Fig. ID). Half-maximal values obtained, by 
curve fitting were 2.7 X 10~ 6 M (i 3.8 X 10" 7 ), 2.9 X 
10"* M (± 2.3 X 10' 7 ), and 7.4 X 10" 6 M (± 1.5 x 
10 _f> ) for p2Ca, Y4, and Al complexes, respectively. Val- 
ues obtained in these experiments reflect a lower affinity 
than measured previously (12), and may be indicative of 
variability of different preparations of both sTCR and sH- 
2L d ; however, relative values have always been consistent 
and the relative affinities of Y4/sH-2L d and Al/sH-2L d , as 
compared with p2Ca/sH-2L d , complexes for the 2C TCR 
are 0.93 and 0.36, respectively. These relative values cor- 
relate well with the relative degrees of sensitization for 
lysis induced by the two peptides. 

Repealed attempts to demonstrate binding above back- 
ground of K7 and L4 complexes to 2C TCR have been 
unsuccessful. Strikingly, although L4 sensitized for cytol- 



ysis at a level equivalent to that of Y4. no binding of the 
L4,sH-2L J complexes has been detected even at high con- 
centrations. From the data shown in Figure ID, as well as 
from the analysis of kinetic curves obtained over a wide 
range of concentrations, we can only establish a limit for 
the relative affinity of L4/sH-2L d complexes for 2C TCR 
to be less than 0.09 that of the .affinity of p2Ca complex. 
Moreover. K7/sH-2L d complexes did not reproducibly 
show binding, above background controls, to the 2C TCR. 
In some cases (Fig. IE), an increase in RU was observed, 
but the square form of both the association and dissocia- 
tion phases suggested that this was due to bulk refractive 
index changes rather than true binding. A summary of the 
properties of the peptide variants complexed to sH-2L d in 
their binding to 2C TCR is shown in Figure IE. 

The above data highlight two points. First, peptides whose 
complexes were strongest bound by the TCR (VI, II. Yl. 
and Y4) have wild-type levels of functional activities in both 
the lysis and IL-3 assays. However, complexes of other pep- 
tides that also induced strong or intermediate biologic re- 
sponses were either poorly bound (Kl and E7) or not bound 
at all (L4 and A3). Second, complexes of peptides with weak 
functional activities in one or both assays were not bound bv 
sTCR (e.g. A4, C4 ? A7, and N7). These data demonstrate that 
the properties of peptides observed in functional assays do 
not always correlate with the apparent affinity of interaction 
of their respective MHC complexes with the sTCR. In some 
cases, the apparently strong activities observed in functional 
assays, in the face of low intrinsic TCR affinities, may be due 
to the involvement of the CD8 co-receptor and/or other ac- 
cessory molecules. 

The results of the functional assays failed to offer a 
mechanistic explanation for the different classes of substi 1 
tuted peptides, i.e., those that activate in both functional 
assays and whose complexes bind the TCR vs those that 
also activate well but do not bind the TCR. 

Since susceptibility to anti-CD8 mAb tias been used to 
discriminate between high and low avidity TCR-MHC/ 
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bSI rrp 8 °' S ^ 2L 7 P e P tide complexes to immo- 
b. zed 2C TCR. M. sH-2L« was equilibrated with the indi- 
cated peptides at large molar excess (250 M M.. and the com- 
plexes were passed over a biosensor surface coupled to 
punned 2C TCR, as described in Materia,* and Me^nods 
Representative sensograms at a sH-2L d concentration of 1 6 

■ VI T n - lnjeC,i0n ot ' the solution P h ^e ligand was 
init.ated at 0 s at a flow rate of 5 M l/min. Washout to'evalua e 
the dissoc.at.on phase began at 360 s and was carried out at 
a r ow rate or 1 00 M l/min. B, maximal observed binding " he 
-nd cated concentrations of sH-2L d is plotted for each of the 
abt n eS ; S , H "r, C ° nCentrati0n iS n0t for the avlil! 

sH 2L d Tr !h'"i^ 8 i'n S ' meaSUred t0 be 35% 0fthe «** 
<at 1 ° MM) com P |e ^d with the indicated 
pept.des (at 2,0 M M) was over a 2C TCR surface, as de- 
scribed ,n A. D. titration of binding of the indicated peptide/ 
H p 2L complexes to a 2C TCR-coupled surface. The pep- 
tides were used at a large molar concentration (500 uM, The 
rerracve ,ndex due to the bulk concentration of sH^' was 
subtracted trom the equilibrium values and curve fi, as de' 

eZe^r eria l S * ndMethods - A and B are from the same 
experiment; C and D trom two independent experiments E 
summary of binding data obtained from two independent ev 

KwLv RU T' UeS ° b,ained With H-2L'V P 2Ca and 
H-2L /pMCMV complexes were used as positive and nega- 



pept.de interactions, we tested whether blocking the con- 
nbunon ot CW-class I interaction could differentiate b - 
ween the two classes „f peptides. We therefore analwed 
he efficiency or targe, sensitization by various peptides in 
the presence of saturating concentrations of an.i-CDS 
mAb For these studies, all peptides were used at a dose of 

The results of this analysis demonstrate that target sen- 
sitization induced by variant peptides falls into three 
groups depending on susceptibility to inhibition bv the an- 

, h D ;^" 6 ' 7 fTab ' e n) - GrOU P 1 stains peptides 
(including P2CA. Al. VI. H. and Y4, that showed strone 
functional activities and were bound bv sTCR Lvsis in" 
duced by those peptides was largely 'unaffected 'bv the 
presence of ami-CD8 mAb, with the degree of inhibition 
generally tailing below 20%. Group II includes four vari- 
ant pept.des with somewhat heterogeneous properties 
Target sensitization by those peptides was inhibited bv 
approximately 25 to 50% by anti-CD8 mAb. Three of 
those peptides (A2. L4. and E7) exhibited strong tunc 
nonal act.v.t.es, while the fourth (N7) was intermediate 
Moreover while all four peptides formed complexes with 
sH-.L effectively, complexes with L4 or N7 failed to bind 
sTCR to a detectable level; however, complexes formed 
by the other two peptides (A2 and E7) were bound bv 
sTCR (see below for discussion;. Group III includes pep- 
t.des showmg either intermediate or weak functional ac- 
tivmes ,n one or both assays and were not detectablv 
bound by sTCR (e.g., A3, A7, and A8). The activitv of 
those pept.des was almost completely inhibited bv anti- 
CD8 mAb (blocking >70%). The anti-CD8 mAb'-medi- 
ated blocking is dose dependent and qualitatively similar 
data have been obtained using a second anti-CD8 mAb 
-.4., (data not shown). Taken together, these findings 
clearly show a distinction between the properties of the 
various peptides that most closely resembles the results of 
the d.rect sTCR binding studies. Furthermore, thev pro- 
vide : direct evidence for a link between susceptibility to 
inhibition by anti-CD8 mAb and intrinsic TCR affinitv 

Two exceptions to the above categorization of peptides 
were observed with the A2 and E7 variants. These pep- 
tides exhibited strong levels of functional activities and 
the,r complexes with sH-2L d were bound, albeit to a lower 
degree, by 2C sTCR. Lysis of target cells induced by these 
peptides was, nevertheless, partially inhibited bv anti-CD8 



t.ve controls, respectively. The data for the different variant 
peptides are presented as percent of binding observed with 
p2La peptide, as described in Materials and Methods ,Me K - 
ative values are occasionally observed when absolute bind- 
ing units are compared with controls, due'to incremental 
deterioration of the immobilized biosensor surface with nu- 
merous cycles of regeneration and binding. 
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FIGURE 8. Enect or ligand densitv on sus- 
ceptibility or 2C lysis to anti-CD8 mAb. 
Three peptides -p2Ca, Y4. and L4i were ti- 
trated at the indicated final concentrations 
in the presence or absence of 1/10 final di- 
lution of 53-6.7 mAb supernatant. E:T ratio 
was 3:1. Background Ivsis (in the absence 
of peptide) was 3.2%. 
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mAb (Table II). Although the exact reason for this is un- 
known, it could be related to the slightly lower efficiency 
with which the two peptides bind sH-2L d . 

To further address the issue of the apparently contra- 
dictory findings, reported by others ,(21. 22). as to the 
CD8-dependence of 2C TCR recognition, we studied the 
effect of 53-6.7 mAb on target lysis induced bv decreas- 
ing concentrations of peptides. Figure 8 illustrates repre- 
sentative results obtained using three different peptides. 
p2Ca and Y4 (both classified as strong sTCR binders and 
anti-CD8 mAb resistant: see above) and L4 which, despite 
exhibiting strong functional activity, is not detectably 
bound by TCR and is sensitive to anti-CD8 mAb blocking 
(Table II). At high concentrations of peptides (the highest 
dose used was 5 jxM), lysis induced by p2Ca or Y4 peptide 
was not blocked by anti-CD8 mAb, while that induced by 
L4 peptide was inhibited by approximately 39% (Fig. 8). 
However, as the peptide dose decreased, lysis induced by 
all three peptides became progressively more susceptible 
to anti-CD8 mAb blocking. This reached a maximum at a 
dose of 5 nM. where the degree of inhibition observed 
with p2Ca. Y4. and L4 peptides was 54.0%, 63.4%. and 
74.3%. respectively.-In this regard, it is important to note 
that, for all three peptides,. the dose required for half-max- 
imal sensitization is about 3 nM, and plateau levels of lysis 
are reached at a dose of approximately 50 nM (Fig. 5B). 
These data demonstrate that, for a given CD8^ TCR- 
MHC/peptide interaction, susceptibility to inhibition by 
anti-CD8 mAb is not only a function of the intrinsic af- 
finity of the TCR to its ligand, but is also influenced by 
small alterations in the cell-surface density of the MHC/ 
peptide complex. 

Discussion 

The T cell repertoire in mature animals is shaped by two 
selective events that take place within the thvmus. During 
positive selection, thymocytes expressing receptors that 
recognize seif-MHC molecules with low binding affinity 



are selected for further maturation and. ultimately, are ex- 
ported to populate the periphery. In contrast, thymocytes 
bearing receptors that interact with self-MHC with an af- 
finity above a certain threshold are subjected to negative 
selection, which ensures their deletion by apoptotic death 
in the thymus. Thus, for both of those processes, which 
lead to two completely divergent outcomes, the central 
determining factor is thought to be the strength of inter- 
action between the TCR and MHC'peptide ligand. Re- 
cently, direct support for this hypothesis has been obtained 
from studies using in vitro fetal thymic organ cultures, 
which allow for direct monitoring of the fate of thymo- 
cytes of a given specificity in the presence of MHC/pep- 
tide ligands (37-39). These studies demonstrated that, in 
addition to the intrinsic affinity of the TCR to its ligand. 
thymic selection can also be influenced by ligand density. 
Thus, the current evidence supports a model of thvmic 
maturation based on the avidity of TCR-MHC/peptide in- 
teraction, a term that encompasses the intrinsic affinity of 
TCR as well as ligand density (40). 

In our laboratory, we have been studying the recogni- 
tion properties of a TCR derived from an alloreactive CTL 
clone. 2C. This clone was derived from BALB.B (H-2 b 
haplotype) mice injected with P815 mastocytoma cells and 
BALB/'c spleen cells (both of H-2 d haplotvpe) and is spe- 
cific to H-2L d plus the p2Ca peptide (13, 23). Interest- 
ingly, analysis of HPLC fractions obtained from spleens of 
mice of different haplotypes indicated that a peptide with 
similar properties to p2Ca is also present in H-2 b and H-2 k 
mice ( 13). In transgenic mice, the 2C TCR has been shown 
to be positively selected on H-2K h and negativelv selected 
on H-2L d ( 18. 19). Whether the same, or a closely related, 
peptide is involved in both positive and negative selections 
of the 2C TCR is unknown. It is interesting to note that 2C 
cells are able to lyse H-2K h -expressing targets but only in 
the presence of - 1000-fold higher concentrations of p2Ca 
(1 1) (our unpublished observations). Using aloluble form 
of this receptor, we have previously determined that the 
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interaction between 2C TCR and the H-2L J p2Ca lieand is 
one of moderate affinity with a K d of -10"" M <P) In 
this study, we extended our analysis bv examining X 
TCR recognition of monosubstituted variants of p"»Ca as a 
hrst step in the definition of the role of peptides in positive 
vs negative selection of this receptor. More specifically 
the present study has three aims: I) to characterize the 
contribution of each residue of the p2Ca moietv to H-^L" 
binding vs TCR recognition: 2) to examine whether and 
how. mutations at putative TCR-contact sites affect the 
affinity of interaction between the TCR and its ligand- and 
3) to study the dependency of 2C TCR recognition on CDS 
function. 

-Analysis of the effects of various substitutions on pep- 
tide function indicates that positions 6 and 8 of the oc- 
tamer p2Ca peptide are important for binding to H-^L" 
Based on sequences of peptides eluted from H-?L d mole 
cules. we have previously identified a binding motif for 
H-_L consisting of P at position 2 and a hydrophobic 
amino acid (L. M. or F) at the C terminus (7).' The p 2Ca 
peptide does not strictly adhere to this motif, and we have 
suggested that the similarity of S and P residues at position 
and the retention of P within the peptide may contribute 
o the ability ot this, and similar peptides, to bind H-?L d 
7). The finding that A2 peptide was onlv minimally af- 
fected in its binding to sH-2L d indicates that S to A 'sub- 
stitution at this position is well tolerated, perhaps because 
of the preservation of the adjacent P residue. In contrast 
the demonstration that the A8 peptide is 20 to 60 times less 
effective in binding to sH-2L d confirms the importance of 
the C-terminal hydrophobic residue to H-2L d binding In 
competition experiments, the A8 peptide binds sH-?L d 
100- to .00-fold less well than p2Ca (data not show'n) 
These results are in essential agreement with recent find- 
ings from Sykulev et al. (11). Moreover, the significantly 
ower binding exhibited by the A6 peptide indicates that 
he F residue at position 6 plays an important role in pep- 
tide binding, and may function as an anchor. The alanine 
scan analysis thus indicates that, for the p2Ca octamer 
peptide, positions .6 and 8 serve as primary anchors 

Examination of the properties of position 1 variant Den- 
udes indicates that the majority of substitutions at this res- 
idue are well tolerated, both at the level of binding , 0 
SH-2L and in functional activity. The one exception to 
this was the observation that the Dl peptide exhibited a 
small but significant, reduction in activity in both the lysis 
and I IL-j assays. The decreased activity of Dl is likely to 
be due to its marginally reduced binding to sH-^L J Nev 
ertheless. all position I-substituted peptide/MHC com- 
plexes were bound, albeit to varying degrees, by sTCR 
indicating that substitutions at this site have only'a mini- 
mat influence on peptide properties. 

Analysis of variant peptides with substitutions at resi- 
dues 3 4. or 5 of P 2Ca demonstrates that these positions 
are critical for TCR recognition. Compared with rPCa 
peptides substituted at any of these positions exhibited 
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equivalent or. in some cases, superior bindine to sH- V 
However, as observed with A3. A4. C4, and" A5 variant 
peptides, these substitutions severely restricted TCR rec 
ognmon. This was demonstrated both at the level of bio- 
logic (unction (IL-3 and/or lysis assays) and. more di- 
rect l y . by measurement of TCR-H-2L J peptide binding bv 
SPR. A recent report by Sykulev et al. (1 1) described sim- 
ilar findings for the A3 and A3 variant peptides. Further- 
more, our data indicate that with some position 4 or 5 
variant peptides (e.g., A4. C 4, A5). a profound loss in 
functional activity is observed in the face of enhanced 
binding «, H-2L d . This suggests that, in these cases re- 
duced T cell recognition may be due not onlv to loss of 
putative TCR contact sites, but also to pept'ide-induced 
conformational changes in the H-2L d -peptide complex 
Assessment of position 7-substi.uted peptides also indi- 
cates that the major effect of this residue is on TCR rec- 
ognition: however, some nonconservative substitutions at 
this position as evidenced by K7 and T7 peptides, also 
nave a significant influence on bindine to H-2L d Thus the 
negatively charged side chain (D) at position 7 may con- 
tribute to the stability of peptide binding to H-2L d as well 
as to T cell recognition. 

It has been generally assumed that differences in the 
affinity of TCR-MHC/peptide interaction would be mani- 
fested in the strength of biologic functions induced by the 
peptides (11, 41). Our data lend direct support for this 
model inasmuch as peptides with weak functional activity 

t^ d c C °?' eXeS With sH " 2Ld that were not bound bv 
s ICR. Similarly, variant peptides, such as Y4. II and VI 

which exhibit wild-type levels of activity in functional as- 
says formed complexes that were bound bv sTCR to a 
degree comparable with that observed with'p'Ca How 
ever, as evidenced by the properties of several peptides 
most notably L4, the above model does not appear to be a 
generahzable one. Thus, compared with p2Ca the L4 pep- 
tide exhibited stronger binding to sH-2L d and equivalent 
or better, functional activity in both lysis and IL-3 assays' 
In the TCR-binding assay, however. L4/sH-?L d com- 
plexes were not detectably bound bv sTCR. These findings 
demonstrate a clear discordance between the intrinsic af- 
finity of TCR to a particular H-2L d /peptide complex and 
the ability of the complex to activate T cells. 

The most general explanation for this discordance is 
that our purified MHC and TCR molecules do not com- 
pletely mimic the interaction of the natural cell-surface 
molecules, and that they may lack structures critical for the 
cell-surface events. Nevertheless, the results with L4 pep- 
tide are most readily explained by invoking a role for other 
direct, or indirect, interactions of the MHC/peptide com- 
plex with cell surface components of the T cell. The most 
obvious candidate is the CD8 co-receptor. Thus the ob- 
served w,ld-ty P e level of activation in functional assays in 
the face ot an intrinsically lower TCR affinity, could be 
due to CD8-mediated enhancement of TCR-MHC/peptide 
interaction. Indeed, analysis of the susceptibility of ">C 



CTL recognition of different MHC peptide ligands to 
blocking by anti-CD8 mAb confirms this prediction. The 
data with L4 peptide, therefore, illustrate an important 
point: namely that, for a given interaction, the critical pa- 
rameter determining whether or not a response is induced 
appears to be the attainment of a minimum threshold of 
total avidity irrespective of whether the intrinsic TCR af- 
finity is 10" or iCT 5 M. In this case, the contribution of 
CDS co-receptor appears to be more than sufficient to off- 
set the differences in affinity. 

Target cell sensitization induced by the "high affinity- 
group of peptides became susceptible to anti-CD8 mAb 
inhibition when lower doses of peptides were used. Thus 
at a dose of 50 n.M. which normally resulted in near pla- 
teau levels of lysis, the response with p2Ca and Y4 pep- 
t.des was inhibited by -24^ and 44%. respectivelv This 
clearly demonstrates that CD8-dependence is influenced 
not only by the intrinsic affinity of TCR but also bv ligand 
density. The influence of ligand density on CD8-depen- 
dence of effector CTL function has been previously re- 
ported (42, 43). CDS involvement becomes crucial in sit- 
uat.ons in which the total avidity of TCR-MHCpeptide 
interactions is less than optimal. As our data directlv dem- 
onstrate, such situations could arise as a result of either 
low TCR affinity/high ligand density, or high TCR affin- 
ity/low ligand density, interactions. 

Although the compensation for lack of binding affinity 
by CDS effects may in part explain the behavior of the L4 
peptide, we must still explain how other peptides whose 
complexes fail to bind the TCR can stimulate the T cell 
One model for the variable functional effectiveness of dif- 
ferent pepudes whose complexes are not bound bv the 
TCR is that different peptides have distinct abilities in the 
generation of high affinity interactions between the MHC 
and CD8. Although no current evidence indicates anv pep- 
t.de-dependent change in CD8/MHC affinity, this has not 
yet been directly demonstrated. Indirect support for this 
model comes from recent findings showing that mutations 
in the a2 domain of MHC class I molecules influence 
binding to CDS .(P. Kavathas, personal communication). 
An alternative model would not invoke CD8 at all but 
merely suggest that two sequential steps are needed for T 
cell act.vation: first, the binding of the MHC/peptide com- 
plex to the TCR and, second, some additional conforma- 
tional event. Some MHC/peptide complexes may do both 
well, while others fail to do either. Those that do the first 
poorly (i.e., do not bind well) but do the second effectively 
could be nonbinding, active complex formers. Those that 
lack whatever structural requirements are needed for the 
critical second step might bind well but not activate In 
support of this model, a recent study demonstrated that the 
ab.hty of various anti-TCR Abs to act as agonists vs an- 
tagonists appeared to be dependent on their capacity to 
induce the recruitment of CD4 and CD45 molecules 'into 
tne ICR signaling complex (44). 



In conclusion, the results described in this report dem 
onstrate four points. 1) Substitutions at critical TCR con 
tact sites of an antigenic peptide yield variants that are 
recognizable with lower TCR affinity. 2) Some of these 
"low affinity" variant peptides can still induce strone func 
tional responses, comparable with p2Ca peptide: thus the 
strength of a functional in vitro response does not alwavs 
correlate with intrinsic affinity of the TCR to MHC peptide 
complex. 3) For a given CTLtarget interaction, depen- 
dence on the CDS co-receptor is a function of at least rw 0 
parameters: intrinsic TCR affinirv and lieand density a, Our 
findings suggest that the MHC peptide complex forms a 
structure that signals the TCR not only bv binding, but also 
by additional parallel or distal events. 
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